Abstract. Zonation of conservation sites has been modelled by overlaying different layers such as vegetation type, species richness, endangered, endemic, economic status maps and socio-cultural value map using remote sensing and GIS in the Pacchaimalai hills part of Eastern Ghats in India that is spread to an area of 527.61 sq. km. These hills are situated at the mid regions of Tamil Nadu with latitudes 11°09'00" to 11°27'00" N and longitudes 78°28'00" to 78°49'00" E. They harbour eight vegetation types of which tropical dry deciduous forests are widespread with rich diversity. As in other hills, the forest cover is under severe anthropogenic pressure in spite of being protected as a reserved forest. This study proposes about 0.93% (4.95 sq. km) of the total area of the Pacchaimalai hills for immediate conservation. The effectiveness of the proposal would be based on the attitude and awareness of local people towards vegetation who inhabit the areas adjacent to proposed sites and the effective monitoring by foresters and participatory approach of both the people and forest authorities to accomplish the goal of the conservation of biodiversity and sustainable use of natural resources.
Introduction
Formal protection of natural resources in reserves has tended to be ad hoc favouring the biodiversity of areas that are least valuable for commercial use, in public tenure but earnest to reserve, most charismatic, and with least need for protection [19, 11] which is quite sentimental to protection strategy. Therefore methods for identifying priority areas are only one aspect of overall biological conservation planning and management [10, 4] . In Indian context ecosystems are rich in natural resources, but are under constant stress and exploitation [7] . Due to this heavy pressure, India has lost 7,422 km 2 forests during the intervening period between 1987 and 1999 assessment [18] . This fact reminds us that the rate of biodiversity loss is more in tropical countries like India especially in the regions of Eastern Ghats, a rugged hilly terrain running almost parallel to the eastern coast of India, characterized by the broken hills with its small patches of vegetation with manmade plantations and habitations. Stresses on this adjoining biota are increasing due to easy accessibility in the pertinent. Even after decades of superficial establishment of protected areas in these hills there is a negligible difference in deforestation rates inside and outside protected areas. This study focuses on a segment of Eastern Ghats i.e.
Pacchaimalai hills, which includes vegetation types such as Dry evergreen, Dry mixed deciduous, Savannah and grasslands. The hills are most significant socio-culturally because most of the forest patches are regarded as sacred groves (vestiges of habitation reserved for deity as in abode). These hills have been studied earlier mainly for the floristic analysis [12] , besides this there is no significant developmental studies such as biodiversity and conservation. Though it is ideal to protect all places that contribute to biodiversity conservation, it is high cost and time consuming. Developing countries like India could not afford to spend on such a heavy task. Current protected areas contain relatively few biodiversity surrogates or those that are not in most urgent protection and there is very uneven representation of biodiversity in existing protected areas. Thus scoring and ranking procedures were developed as an attempt to make systematic priority setting effectively explicit [25, 26] . Thus the present study focuses on identification of conservation priority sites based on the scoring and ranking procedures. Our objectives include the estimation of the exhaustive knowledge of species diversity and distribution and the zonation of conservation values sites in the existing reserve areas and ranking the conservation priority sites.
Review of literature
There are many methods used for priority settings such as scoring and ranking procedures [11] . Two types of information are necessary for setting conservation priorities; the conservation value of an area and its vulnerability [13] . These pieces of information should include multiple criteria such as vegetation type [33] , species richness [22] , socio-economic and socio-cultural value sites [21] , endemism [6] , concentration of red listed plants [8, 1] and stresses on the biota [28] . Few vegetation types, though they are less important, should maintain the ecological balances, for the representativeness [23] and such vegetation types should also be included on the conservation priority sites. Each criterion is assigned with weight and then the scores are combined for each candidate area. The areas are then ranked accordingly and highest priority is given to the areas with the highest scores. Nevertheless there had been many critical reviews of these procedures and the criteria used [11] .
Materials and methods

Study area
The Pacchaimalai hills are situated at the central region of Tamil Nadu, India, with latitudes 11° 09' 00'' to 11° 27' 00'' N and longitudes of 78° 28' 00'' to 78° 49' 00'' E (Map 1). They occupy an area of about 527.61 sq. km and altitudes range of 160 to 1072 m msl. The vegetated area is distributed into 35 reserved forests. The Pacchaimalai hills enjoy a sub-tropical climate with temperatures varying from 25°C to 31° C and annual rainfall ranging from 800 to 900 mm. The total tribal population is around 12,000 who live in 70 hamlets scattered all over the plateau area. The area is underlain by the crystalline rocks of the Archaean age comprising gneisses, charnockites and granites with little soil cover i.e., red loamy and black. The alluvium is found in narrow patches along the river courses and is restricted in thickets. The crystalline terrain exhibits multi spectral and poly metamorphic complexity. Dominant plant species of these areas are Nothopegia colebrookiana, Aglaia elaegnoidea, 
Data generation
Mapping vegetation map
Vegetation type map (Forest type) of Pacchaimalai hills [27] cover 73.95% (390200 ha.) under reserved forests comprising about nine major forest types i.e., evergreen, semi evergreen, dry mixed deciduous, southern thorn scrub, dry savannah, southern thorn forest and dry grass land (Map 2).
The level of biological similarity of a particular site with other similar sites or with an ecosystem type in terms of the number and percentage of defining characteristics would determine its representativeness [23] . Since it is impossible to locate a site that represents an entire ecosystem, sites can be prioritized on the basis of levels of similarity. To evolve potential conservation strategy various elements are used as base for conservation priority, whereas the dry deciduous scrub and southern thorn scrub forests are excluded, as they are highly degraded forms of dry mixed deciduous forests.
Generation of species data base
This includes the preparation of floristic species richness, red list, endemism and economic value map. All the maps were prepared using the vegetation types with the ground data. For species richness map, sampling quadrates with the size 20 m x 20 m were laid in each vegetation type and frequency and number of all vascular plant species were collected in each quadrates and later utilized to estimate Margalef richness index [9] (Eq. 1).
Where S -is number of species recorded, N -total number of individual of all the species; In -log e . Each polygon of the respective vegetation type was replaced by Margalef diversity index and species richness values of all polygons were classified under three classes, i.e. low, medium, high.
Mapping of the Red listed and Endemic species (Table 1) is normally done based on the data collected from the above described quadrates and cross checked with the appropriate literature. Weights were attributed based on the summation of species under endemism and Red listed category [15] and again regrouped into three categories.
For preparation of economic value map, the economic values (i.e., medicinal (5), edible (2) and others (fuel -2, fodder-2 and timber-2) of each species that is encountered in each quadrate were summed and the summed values were attributed to the respective polygons as described above to reclassify similar valued polygons to form the final economic value map. 
Deforestation risk zone
The anthropogenic pressures are found to be high near the hamlets and road network (metalled, unmetalled and foot path) and it might create secondary and tertiary routes to and within the forest area thereby increasing accessibility and vulnerability of the forest stand in the proximity. One km buffer for the road network and hamlet is generated to form the biotic pressure map. In this study threat posing as risk from human activities too was included as one of the thematic layers for identifying conservation priority zone.
Socio-cultural valuable sites
Sacred groves are patches of forests dedicated to deities, which are not usually disturbed. There is a strong need to promote such indigenous practice based packages for further rejuvenation and revitalization and as means of biodiversity conservation. Such socio-culturally protected areas would have been more imperative if one could value biodiversity in terms of economic value, utility, culture and religion. Due to modern civilization timber extraction was encountered in these sacred groves. However the wood extraction is strictly prohibited in the vicinity of the deity. This map has been prepared in terms of distribution of sacred groves in the Pacchaimalai hills. Distribution of sacred groves in the study area is mapped using GPS reading collected from the field, satellite imagery and SOI toposheets.
GIS overlay analysis
The components of various units from the themes of vegetation type, floristic richness, endemism and red lists with respective scores (Figure 1) 
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Figure 1. Conceptual diagram illustrating the building of Conservation Priority Zone
Considering conservational importance and status for each unit of thematic layer, the weighting was designated to identify such Priority areas. Overlay or superimposition creates a composite output GIS file by combining a number of input GIS files based on the minimum or maximum values of the input files are summed [14] . These scores are then combined for each candidate area. The areas are then ranked and highest priority/rank is given to the areas with the highest scores. For preparation of conservation priority maps, thematic maps are overlaid on one another wherein the vegetation type forms the lowermost tier and other layers are superimposed in sequence i.e. species richness, red list and finally endemism map. The thematic maps are rasterized and coded using the Criteria function in ERDAS 8.3.1 and the product was used as bases for modelling in the software using yet another tool i.e., model maker wherein, the different features of the thematic layers were intersected/ extracted and new class values were attributed to them and finally integrated (union) according to above mentioned sequence and finally conservation priority zone (Map 3) was prepared. The resulting polygons were classed according to the priority status. The authenticity of the areas/zones proposed for conservation priority is confirmed with ground justification. The endemic, red listed and biotic pressure zone maps were stored as temporary raster layers and used during GIS overlay analysis.
Results
The priority area that has been modelled comprises 4.95 sq. km, about 0.93% of the total hill area and is at five different localities. The site I has about 172.62 ha, and conspicuous for its rich diversity, and comprises a large number of endemic, endangered and vulnerable species. The slope is gentle to moderate. Huge woody liane like Gnetum edule, Aganosma cymosum, Symphorema involucratum and others inhabit the site. Tall trees growing up to 25 -30 m are common, namely Syzygium cumini. Alstonia scholaris, Canarium strictum, Nothopegia colebrookiana and occasional presence of Cinnamomum macrocarpum, Aglaia eleagnoidea and Atrocarpus heterophylus are noteworthy. The villagers violating the ethos of sacred grove have noticed occasional grazing of cattle along the periphery, besides a few instances of encroachment. Proper fencing would surely help in conserving the rich natural resources.
Site II occupies an area of about 78.95 ha. and consists of trees growing up to 20 m. Dominant tree species are Putranjiva roxburghii. Pterospermum xylocarpum, Chukrasia tabularis and Psydrax dicoccos. Large expanse of degraded areas surrounding this site is a clear evidence of the disturbance and fire wood collection from this site. Lianes such as Gnetum edule, Symphorema involucratum, Elaeagnus indica are frequent. Slope is moderate to steep. Ground vegetation is sparse owing to dense tree cover.
Site III with 86.85 ha has been suggested for conservation. The slope is moderate and the slope facing the north is conserved well due to the dwelling of Kaliamman deity, however the slope facing the south is drastically disturbed. Constituent tree species are Nothopegia colebrookiana, Scolopia crenata, Mimusops elengi, Psydrax dicoccos and Diospyros ovalifolia. Twiners like Clematis gouriana and Rubia cordifolia have been collected from this site. Frequent visits of cattle are encountered and occasional felling is noticed.
Area demarcated for conservation for the site IV is 77.18 ha. The highest elevation point 1071 m msl in the Pacchaimalai hills is located here and slope is moderate to steep. It is a sacred grove where in the stretches surrounding the area has been cleared, and the exotic tree Plumera rubra has been extensively planted. The forest is highly degraded due to casual cutting and felling thus leading to heavy run-off and subsequent erosion. Diospyros ovalifolia, Ochna obtusata, Nothopegia colebrookiana and Gymnema sylvestre have been recorded.
In the site V a big temple has been constructed in honour of the resident deity Perumal. The vegetation is dense and the common species are Memecylon edule, Nothopegia colebrookiana, Diospyros ovalifolia, Schleichera oleosa and Alseodaphne semecarpifolia that grow up to 10 -15m tall. Frequent grazing by cattle does occur besides cutting and felling. Curcuma neilgherrensis is found only at this site in the hills.
Discussion
The Pacchaimalai hills support many types of vegetation of this the dry evergreen forests have been considered significant due to their dense cover, besides their distinct composition. Evergreen forests are relatively common in the Western Ghats of Peninsular India; however, dry evergreen forests are meagre in distribution and are confined to higher elevations of the Eastern Ghats that are discontinuous and in small patches. Presence of such vegetation is an indication, that the lower elevation hills like the Eastern Ghats could harbour good vegetation and also they are the vestiges of the luxuriant vegetation cover of the past era in the Eastern Ghats, and hence needs to be protected. Species richness map (Map 4) refers to the number of species contained in an area and its measurement per unit area is perhaps the most objective of all the measures. Hence, it would be desirable to have a richness index independent of sample size. Vascular plant species richness has been used to characterize an ecosystem and that of biodiversity of an area [5, 30] . The species richness has been observed high not in completely covered or fully open vegetation rather, in partially degraded vegetation. Similar view has been also reported that the diversity of species tends to be greater in disturbed than undisturbed environment [24] . The dense cover area prevents the growth of herbaceous species while the open scrubland is unfit to harbour tree population.
Map 4. Species richness map of Pacchaimalai Hills
Temporal patterning of disturbance plays an important role in determining species abundance and diversity [2] . The most widely published prioritization of species for conservation action has been the threatened species categories defined by the IUCN and used in its Red data book [8] . The species that are endangered, vulnerable, threatened and endemic requires prime importance in conservation measures [20, 16] . There are 41 species under these criteria in the study area and tabulated herewith as endangered and endemic. The survival of these species, which have already reached critically low levels of population numbers, is dependent on certain critical factors of ecology, population dynamics or extrinsic factors such as exploitation and habitat loss or degradation. Hence, their distribution has been mapped (Map 5) in order to conserve them from extinction. Gloriosa superba, Cayratia pedata, Gnetum edule, Habenaria heyneana and Rubia cordifolia are the endangered species. Seventeen species are endemic to Peninsular India while eight species are vulnerable.
Map 5. Endangered/endemic species distribution value map of Pacchaimalai Hills
Association of trees with deities and demarcation of certain area as sacred are an ancient practice in India and other parts of the world. The associated tree and its surrounding habitat are revered and worshipped by people as sacred. The sacred groves that existed as conservation areas were now getting degraded and they needed to be studied and conservation strategies need to be prioritised for their preservation and perpetuation [21] . The sense of sanctity and the fear of the unknown, which helped their conservation, are gradually losing their hold. Hence, the task of conservation has assumed a greater urgency. In the Pacchaimalai hills, six groves are present namely Kannimar kovil, Kaliamman kovil, Masimalaian kovil, Perumal kovil (Kilkarai), Periya samy kovil (Periya shola) and Perumal kovil (Manmalai) and invariably all of these groves comprise dry evergreen vegetation in 848 ha and are repositories of a large number of rare and endemic plant species.
The forest loss and degradation are associated directly with proximity to roads and villages up to 6 Km [13, 29] that confirms the disturbing effect of roads by means of logging, mining, grazing, agriculture and urban development. Around 6500 ha of the reserved forest come into the risk area. This area would likely to increase if we include the footpath, which are numerous in the Pacchaimalai hills. The fuel wood consumption is calculated to be 2.4 Kg / household / day [32] . Based on the 1991 census, the fuel wood requirement would be of the order 7.2 tones per day, which is likely to increase due to present growth rate of the population and the influence of the people who live surrounding the hills.
It is essential to consider the following three principles while selecting area for conservation and that an area should be efficient in capturing all the species and ecosystems [31] . This has become a difficult task since the sustenance requirement of each species differs considerably. Besides, different variables are considered as prerequisites for conservation of a species, for example the size of the protected area [3] . In addition to size, conditions and connectivity to maintain even the most sensitive species with the prevalent ecological processes are an essential foundation of any conservation strategy [17] .
